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© An integrated process for the simultaneous production of alky I tert-butyl ethers and 1-butene, comprising 
feeding a C4 hydrocarbon stream to an etherlfication unit and recycling the remaining stream to the same unit 
after possible separation of the 1-butene and treatment in an Isomerization section to convert the remaining 
butenes into tsobutene, a molecular sieve separation unit operating with the hydrocarbons in the vapour phase 
being incorporated into the cycle. 
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This invention relates to an Integrated process for producing alkyi tert-butyl ethers and possibly 1- 
butene. 

More particularly, the invention relates to an integrated process for producing methyl tert-butyl ether 
(MTBE) or ethyl tert-butyl ether (ETBE) and possibly 1-butene. 
5 Still more particularly, the Invention relates to maximizing the use of the butene fraction in an integrated 

cycle for producing MTBE or ETBE and possibly 1-butene. 

Alky! tert-butyl ether production processes are known in the art, consisting of reacting the isobutene 
contained in C4 hydrocarbon streams of different origin. In particular In streams originating from steam 
cracking, catalytic cracking or isobutane dehydrogenation plants, with an alcohol preferably chosen from 
10 methanol and ethanoL US patents 3.979, 461, 4.039,590 and 4,071,567 describe for example certain MTBE 
processes in which the isobutene, contained in C4 streams which may also Include butadiene. Is reacted 
with methanol in the presence of an acid ion exchange resin. Other MTBE synthesis processes are 
described in US. patent 4.475.005 and In published European patent application 470,655. 

The known processes enable the isobutene to undergo virtually total conversion, leaving the other 
75 components practically unchanged to be recovered and upgraded. 

British patent 2,121,407 and US patent 4,513,153 for example describe a alkyI tert-butyl ether 
production process with an associated cycle for upgrading the residual components still present in the 
stream leaving the etherifi cation reactor. In these patents the stream, after synthesis and separation from 
the tert-butyl ether, is fed to a skeleton isomerization unit for converting the 1-butene and cIs and trans 2- 
20 butenes to isobutene, and recycled to the alkyI tert-butyl ether synthesis section. 

Because of the fact that in such an integrated system an undesirable accumulation of inerts, 
represented essentially by saturated hydrocarbons such as n-butane and isobutane, takes place, a 
fractionation or extractive distillation section for the C* hydrocarbon feedstock is Inserted between the 
etherification and isomerization sections to separate the saturated from the unsaturated hydrocarbons. 
25 However the integrated alkyI tert-butyl ether process of the known art suffers from the drawback of 
having to operate a fractionation or an extractive distillation section, which inevitably significantly increases 
investment and production costs. 

The current process alternative is simply to bleed off. However this method also has drawbacks In that 
together with the inerts, unsaturated hydrocarbons consisting essentially of 1- and 2-butenes. are also bled 
30 off. These butenes in the case of the integrated cycle, represent valuable materials to be upgraded by 
conversion into isobutene and then into ethers. A further drawback, of no less importance, is the need to 
increase the inerts concentration in the cycle to reduce the butenes lost by bleeding, this resulting In 
increased investment and energy consumption. 

A 1-butene recovery section can also be inserted into such a scheme. Processes are known in the art 
36 for recovering 1-butene from mixtures containing it. US patent 4.718.986 for example describes a process 
for separating 1-butene contained in a Ca stream using a distillation unit. In this patent, isobutane is 
separated as top product from a first column, otherwise it would contaminate the final 1-butene product 
recovered at high purity (>99%) as top product from a second distillation column. The isobutane quantity in 
the feedstock influences not only investment and energy consumption relating to the first column but also 
40 the overall butene yield in that it entrains consistent 1-butene quantities (on an average in an isobutane/1- 
butene ratio of 1/15) within the overhead bleed of the first column. 

Again in this case, the 1-butene is separated at the expense of significant losses of valuable material in 
the overhead bleed of the first distillation column, which are additional to those of the bottom bleed of the 
second distillation column. 

45 The present applicants have now discovered a new integrated process for producing alkyI tert- 
butylethers and possibly 1-butene from essentially butadiene-free C4 hydrocarbon streams which obviates 
the. drawbacks of the known art. In this respect the present process provides total or partial separation of 
the inert hydrocarbons to be bled off by operating selective olefin adsorption on zeolites. The olefins 
adsorbed in this manner can be recovered by desorption and then fed either directly to a skeleton 
50 isomerization section or to a 1-butene separation unit. 

In this second case the remaining hydrocarbon stream is then fed to the skeleton isomerization section. 
From this section the hydrocarbon stream is then recycled to the etherification unit. 

This result can be obtained if the molecular sieve separation is conducted with a vapour phase stream 
in that operating with a liquid phase stream leads to unsatisfactory results. 

The present invention therefore provides an integrated process for producing alkyI tert-butyl ethers 
comprising: 

' a) feeding a hydrocarbon stream consisting essentially of isobutene. linear butenes and butanes and 
possible traces of butadiene, by virtue of the fact that it originates for example from a butadiene 
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hydrogenation unit, to an alkyi tert-butyl ether synthesis section together with an aliphatic alcohol stream; 

b) separating the ether produced and any unreacted alcohol from the hydrocarbon stream; 

c) feeding the remaining hydrocarbon stream, or a fraction thereof, in the vapour phase to a molecular 
sieve separation section for separating the butanes from the butenes and recovering the butenes; 

d) feeding the hydrocarbon stream containing the recovered butenes, together with the possible fraction 
not fed to stage c), to a skeleton isomerization section for converting the linear butenes to isobutene; 

e) recycling the isomerized stream to the alkyI tert-butyl ether synthesis reactor after mixing with the C* 
hydrocarbon feedstock stream. 

Alternatively the hydrocarbon stream can be practically free from isobutene by virtue of originating 
from an existing alkyI tert-butyl ether synthesis plant. In this case the stream is fed directly to the 
isomerization section and then to the eherification section. 

After separation of the produced ether, the outgoing stream is fed to the saturated hydrocarbons 
separation unit, recycling the butenes fraction to the isomerization section. A further integrated process for 
producing alkyI tert-butyl ethers can comprise: 

a) feeding a C4 hydrocarbon stream consisting essentially of isobutene, linear butenes and butanes and 
possible traces of butadiene, by virtue of the fact that it originates for example from a butadiene 
hydrogenation unit, to an alky I tert-butyl ether synthesis section together with an aliphatic alcohol stream; 

b) separating the ether produced and any unreacted alcohol from the hydrocarbon stream; 

c) feeding the remaining hydrocarbon stream to a skeleton isomerization section for converting the linear 
butenes to isobutene; 

d) 'eeding the isomerized hydrocarbon stream coming from c), or a fraction thereof, in the vapour phase 
to a molecular sieve separation section for separating the butanes from the butenes and recovering the 
butenes; 

e) recycling the isomerized stream containing the recovered butenes. together with the possible fraction 
not fed to stage d), to the alkyI tert-butyl ether synthesis reactor after mixing with the hydrocarbon 
feedstock stream. 

In this further form of the process of the present invention, the C4 hydrocarbon stream can again be 
practically free from isobutene by virtue of originating from an existing alkyI tert-butyl ether synthesis plant. 
In this case the C* stream is fed directly to the isomerization section and then to the molecular sieve 
separation section. 

In the case of an integrated process for simultaneously producing alkyI tert-butyl ethers and 1-butene, 
this process comprises: 

a) feeding a fresh C+ hydrocarbon feedstock stream, consisting essentially of isobutene. linear butenes 
and butanes, plus a recycle stream containing possible traces of butadiene, to an alkyI tert-butyl ether 
synthesis section together with an aliphatic alcohol stream; 

b) separating the ether produced and any unreacted alcohol from the hydrocarbon stream; 

c) feeding the remaining hydrocarbon stream, or a fraction thereof (first by-pass), in the vapour phase to 
a molecular sieve separation section for separating the paraffins (consisting essentially of butanes) from 
the butenes. recovering the butenes and bleeding off the paraffins; 

d) feeding the thus treated hydrocarbon stream to a butadiene selective hydrogenation unit; 

e) feeding the hydrocarbon stream from the butadiene hydrogenation unit, or a fraction thereof (second 
by-pass), to a 1-butene separation unit to obtain a 1-butene stream of purity exceeding 99%, a bleed 
stream consisting essentially of residual isobutane and 1-butene (isobutane stream) and a stream 
consisting essentially of 2-butenes, 1-butene and residual n-butane (butene stream); 

f) feeding the butene stream of stage e) to a skeleton isomerization section for converting the linear 
butenes to isobutene; 

g) feeding the isobutane stream of stage e) either to the molecular sieve separation section or directly to 
the isomerization section; 

h) recycling the isomerized stream to the alkyI tert-butyl ether synthesis reactor after mixing with the 
hydrocarbon feedstock stream. 

According to an alternative embodiment of the integrated process for simultaneously producing alkyl 
tert-butyl ethers and 1-butene according to the present invention, the hydrocarbon feed stream can 
contain traces of butadiene and be practically free from isobutene by virtue of originating for example from 
an existing alkyl tert-butyl ether synthesis plant. In this case the C4 stream is fed directly upstream of the 
butadiene selective hydrogenation unit and downstream of the molecular sieve separation section. 

According to a further alternative embodiment of the integrated process for simultaneously producing 
alkyl tert-butyl ethers and 1-butene, the butadiene selective hydrogenation unit can be positioned upstream 
of the molecular sieve separation section and also upstream of its by-pass. Again in this second alternative 
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embodiment of the present process, the C* hydrocarbon stream can contain traces of butadiene and be 
practically free from isobutene. In this case the U hydrocarbon stream is fed upstream of the selective 
fiyiiroycnation unit and downstream of the etherlfication section. 

Tlio C, hydrocarbon stream used in the process of the present invention consists of isobutane 
li^ulonc. n-bulane, 1-butene, trans or cis 2-butene and possibly small quantities of C3 or C5 hydrocarbons 
arKl IS substantially free from butadiene by virtue of originating from a butadiene hydrogenation or removal 
unit In particular, a C4 stream can contain the following In addition to a small quantity of C3 and Cs for 
example between 0 and 5 v>rt%: 0.5-45 wt% of Isobutane; 1-20 wt% of n-butane; 5-55 wt% of isobutene- the 
remainder to 100 being the linear butenes. 

Any aliphatic alcohol can be used in the process of the present invention, although methyl and ethyl 
alcohol are preferred to produce methyl tert-butyl ether (MTBE) and ethyl tert-butyl ether (ETBE) respec- 

tivcty / r' 

The othorificatlon reaction is preferably conducted in the liquid phase in the presence of an acid 
catalyst Tho operating conditions are conventional and are described in US patents 3 979 461 4 039 590 
and 4.071.567. 4.447.653 and 4.465,870. As an alternative to traditional technology the ether' can be 
synthcs..-od by means of a column reactor. In accordance with the catalytic distillation principle described 
for c.ampio in US patent 4,475,005 and in published European patent application 470,655. 

The hydrocarbon stream originating from the etherlfication unit is fed to a separation section to recover 
tht cthoi produced and any unreacted alcohol. The residual C* fraction Is separated from the ether in a 
normal d.st.llat on column, from the bottom of which a product separates consisting essentially of ether The 
C, hyrirr^arbons are recovered from the top of the column in azeotropic mixture with the unreacted alcohol 
Tho alror,ol is then removed by known methods, for example by extraction with water. 

Tho residual C. fraction, free from ether and alcohol, or a fraction thereof exceeding 5 wt% of the total 
available stream, is fed to a molecular sieve separation section to eliminate the aliphatic hydrocarbon inerts 
consisting essentially of n-butane and isobutane. 

Any zeolite molecular sieve selective towards the olefinic double bond can be used in the process of 
the present invention. For example, compounds can be used corresponding to those of general formula (I): 

(Cat; .0).Me.-. O3 (SiOa )y (I) 

where : 

- Cat represents a cation of valency "n" interchangeable with calcium (Ca). such as sodium, lithium 
potassium, magnesium etc; 

- X IS a number between 0.7 and 1 .5; 

- Me represents boron or aluminium; and 

- y IS a number between 0.8 and 200, preferably between 1.3 and 4. 

Preferred zeolites are those of X and Y type with a particle size of between 0.1 and 3 mm These 
zeohtos enable olefin/paraffin selectivity ratios of between 3 and 12 to be obtained, selectivity being defined 
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where I o and i p are the adsorbed molar quantities of olefins (o) and paraffins (p) in equilibrium with their 
respective partial pressures Pq and Pp in the vapour. 

The aliphatic hydrocarbons are separated in the vapour phase at a temperature between 20 and 180'C 
preferably between 70 and 140°C. and a pressure between 1 and 10 bar absolute, preferably between 1 
and 5. To ensure continuity of the process according to the present invention, it is preferred to use a 
system comprising at least two sections arranged in parallel so that while one section is adsorbing the other 
IS desorbing. Desorption is achieved by eluting the olefins adsorbed onto the molecular sieves with a 
desorbing agent, lor example aliphatic hydrocarbons such as pentane, hexane, heptane, octane etc., in the 
vapour phase followed by rectification of the mixture obtained to recover the olefins. 
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The process of the present invention enables an aliphatic hydrocarbon stream to be obtained which Is 
practically free from olefins or with an olefin content of up to 5 wt%. 

The olefinic stream leaving the molecular sieve separation section, consisting essentially of the residual 
butane fraction and of 1 -butene and of cis and trans 2-butene, is fed to the isomerization section for 
5 converting the 1 -butene and cis and trans 2-butene to isobutene. 

In the case of an integrated process for simultaneously producing alkyi tert-butyl ethers and 1 -butene, 
the olefinic stream leaving the molecular sieve separation section, consisting essentially of the residual 
butane fraction. 1.-butene and cis and trans 2-butene, is fed to the section for the selective hydrogenation of 
• the butadiene which may form in the subsequent skeleton isomerization section. 
10 The butadiene-free hydrogenated C* stream is fed to the 1 -butene separation section. 

Given that during the butadiene hydrogenation C3- light hydrocarbons can form, a removal section for 
such light hydrocarbons, for example by distillation, is inserted into the cycle preferably before the 1 -butene 
separation section upstream of the second by-pass. 

The 1 -butene can be separated by known methods such as distillation, extractive distillation or 
75 adsorption on molecular sieves. Separation by distillation is preferred according to the present invention, 
generally effected with two distillation columns arranged in series. In a typical configuration, the isobutane 
(isobutane stream) still present in the feed stream is separated at the top of the first column, the top 
product in the second column being 1 -butene with a purity exceeding 99%, the bottom product being a 
stream rich in residual n-butane, cis and trans 2-butene and traces of 1 -butene (butene stream). The 
20 operating conditions are described in US patent 4,718,986 and Canadian patent 1,232,919. 

In an alternative configuration for separating the 1 -butene by distillation, the butene stream is dis- 
charged from the bottom of the first column, the second column providing as bottom product high purity 1 - 
butene, with isobutane (isobutene stream) discharged from the top. 

In addition to isobutene. the Isobutene stream contains a certain quantity of 1 -butene and can hence be 
25 recycled to the molecular sieve separation section upstream or downstream of the by-pass, or alternatively 
to the isomerization section. In this second case it is possible not to include in the cycle the section for 
removing C3- hydrocarbons formed during butadiene hydrogenation. as these latter are eliminated in the 
subsequent skeleton isomerization section. 

The butene stream Is fed to the Isomerization section for converting the linear butenes to Isobutene. 
30 The isomerization reaction can be conducted for example by the process described in US patent 
4,038.337 using as catalyst a silicized alumina product described in US patents 4,013,589 and 4,013,590, or 
using zeolite catalysts such as those described for example in published European patent applications 
523.838 and 501 .577. 

At the exit of the isomerization section an Isobutene-rlch stream is obtained which can be recycled to 
35 alky I tert-butyl ether synthesis. Any C3- and Cs + hydrocarbons formed in this stage are removed, for 
example by distillation. 

The integrated process for producing alkyI tert-butyl ethers of the present invention can be tDetter 
illustrated by reference to the block schemes of Figures 1 , 2. 3 and 4 which represent three embodiments 
thereof by way of non-limiting example, and to the block scheme of Figure 5 which represents one 
40 exemplificative embodiment of only the molecular sieve separation section. 

With reference to Figure 1, A, B and C represent respectively the alkyI tert-butyl ether synthesis 
section, the aliphatic hydrocarbon molecular sieve separation section and the skeleton isomerization 
section. The feed stream (2), consisting of the sum of the C4 hydrocarbon fraction (1) and the recycle 
fraction (8) from the isomerization unit C, is fed to the synthesis section A together with the aliphatic alcohol 
45 (3). Having recovered the produced ether (4) by conventional systems not shown in the figure, the residual 
fraction (5) Is led totally or partially to the separation section B, If partial separation is used, part of said 
residual fraction by-passes the separation section B (dashed line). 

The stream (7) from the separation section B. consisting essentially of 1 -butene and cis and trans 2- 
butene plus residual butanes, enters the Isomerization section C. From this the isobutene-rich stream (8) is 
50 extracted and recycled to the section A. Any C3- or C^s + hydrocarbons formed during isomerization are 
discharged via (9) and (9'). 

In Figure 2 the hydrocarbon fraction (1) is practically free from isobutene by virtue of the fact that it 
originates for example from an existing alkyI tert-butyl ether synthesis plant. 

Consequently this stream is fed via line (10) directly to the isomerization section together with the 
bb stream (7) from the separation section. 

In Figure 3 the separation section B is positioned after the isomerization section C. 

Figure 4 shows a process scheme for simultaneously producing alkyI tert-butyl ethers and 1 -butene. 
The blocks A. B. C. H and R represent respectively the alkyI tert-butyl ether synthesis section (A), the 
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paraffin hydrocarbon nnolecular sieve separation section (B). the skeleton isomerization section (C). the 
hydrogenatlon section (H) and the 1-butene separation section (R). 

The feed stream (2). consisting of the sum of the fresh feedstock C4 hydrocarbon stream (1) and the 
recycle streann (10) from the isomerization unit (C), Is fed to the synthesis section (A) together with the 
aliphatic alcohol (3). Having recovered the produced ether (4) by conventional systems not shown In the 
figure, the residual fraction (5) is fed totally or partially to the molecular sieve separation section B. If partial 
separation is used, part of the fraction by-passes the separation section B (dashed line 5'). 

From the separation section B a stream (5") Is obtained which consists essentially of butanes 
practically free from olefins and Is discharged from the cycle, and a stream (6) consisting essentially of 1- 
butene and cis and trans 2-butene plus residual butanes. As this stream can contain butadiene, it is fed to 
the hydrogenatlon section (H) together with a hydrogen stream (6'). 

Two exit streams are obtained, namely an offgas stream (6") and a hydrogenated stream (7). 
The hydrogenated stream (7) is fed totally or partially to the 1-butene separation section (R). If partial 
separation is used, part of said stream by-passes the separation section R (dashed line 7'). 

In this particular case the 1-butene separation section operates by distillation and comprises two 
distillation columns. The first (R'), fed with the stream (7), produces as top product a stream consisting 
essentially of Isobutane and l-butene (7") (Isobutane stream). This stream can be recycled to the molecular 
sieve separation section B either upstream or downstream of the by-pass (5') or be fed directly to the 
isomerlzation section C. 

The second column (R"), fed with the bottom product (&) from the column R\ produces as top product 
1-buteno (8) with the required specification (purity exceeding 99%) and as bottom product a stream (8") 
which together with the possible streams (7') and/or (7") Is fed to the Isomerlzation section C via (9) The 
stream (10) which Is rich in isobutene and contains possible traces of butadiene Is extracted from this 
section and is recycled to the section A. Any C3- or C5+ hydrocarbons formed during isomerlzation or 
25 which have entered the cycle with the feedstock (1) are discharged via (9') and (9"). 

Given that during the selective butadiene hydrogenatlon C3- light hydrocarbons can form, the process 
scheme can comprise a removal unit, for example a distillation unit, for eliminating these compounds. The 
distillation unit, not shown in the figure, can be positioned directly downstream of the hydrogenatlon section 
and upstream of the 1-butene separation section, before the by-pass, ie in the line (7") before it joins the 
30 Stream (5). 

In an alternative configuration of the 1-butene distillation recovery section, the butene stream (8") is 
taken from the bottom of the first column R' whereas the stream (8) is taken from the bottom of the second 
column R", the isobutane stream (7") being taken from Its top. 

The separation section B comprises an adsorption/desorptlon unit D and two distillation columns E and 

35 F (Figure 5). 

For continuous operation two units D can be provided operating alternately, one in the adsorption phase 
and the other in the desorptlon one. 

Two streams D1 and D2 are recovered from the unit D. 

The stream D1 is recovered during adsorption practically free from olefins and is fed to the distillation 
column E for recovery of the recycled desorbent E2 from the butane bleed fraction El. 

The oleflnic fraction D2 is recovered during desorptlon and is fed to the distillation column F for 
recovenng the butene fraction F1 (returned to the cycle) from the desorbent F2 which is recycled 

In all the configurations shown in Figures 1. 2, 3 and 4. the process of the present invention enables a 
practically olefin-free paraffinic stream to be bled off in an Integrated process for producing alkyi tert-butyl 
ethers and possibly 1-butene. It therefore allows virtually total utilization of the available olefins hence 
maximizing tert-butyl alky! ether production. It also enables the paraffin concentration in the cycle to be 
reduced, hence reducing investment and energy consumption. 

Some non-limiting illustrative examples are given hereinafter to provide a better understanding of the 
Invention and its implementation. 
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EXAMPLE 1 



With reference to the scheme of Figure 1 and to the relative Table 1 showing the process quantities for 
a capacity of 1000 kg/a, a reactor for MTBE production is fed with a C4 hydrocarbon stream at a rate of 
55 99.6 g/h having the following composition: 
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wt% 


-C3 


0.10 


- i-butene 


24.26 


- n-butenes 


70.18 


- butanes 


5.46 



in combination with the recycle stream (8) at a rate of 217.3 g/h. 45,4 g/h of methanol (line 3) are also fed to 
the reactor. 

The MTBE (4) production is 125 g/h, equivalent to an isobutene conversion of 99.5%. 

237.3 g/h of residual C* fraction containing about 16 wt% of aliphatic hydrocarbons are discharged from 
the synthesis section A via (5). About 75% of this fraction is by-passed, the remainder being fed to the 
molecular sieve separation section operating at 130*C and 4 bar pressure. 100 cc of zeolite X in the form 
of 1/16" extruded pellets are used as adsorbent, n-hexane in the vapour phase (about 120 g/h) being used 
as desorbent for the adsorbed olefins. After separating the desorbent by distillation, a stream (6) consisting 
essentially of 4.7 g/h of aliphatic hydrocarbons with a paraffin content of about 96.7% is bled off. 

In stream (7) the aliphatic hydrocarbon content is reduced to 14.2 wt% after separating the desorbent 
by distillation. 

The stream (7) is fed to the isomerization section C in which the n-butenes are converted to Isobutene 
and other by-products generally falling within the Ca- and Cs + categories. These by-products are 
eliminated (streams 9 and 9') and the resultant fraction (8) is recycled to the MTBE synthesis section. 

TABLE 1 



MATERIAL BAUMCE (l/bl 
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1 


2 


3 


4 


5 


6 


7 


0 


9 


9' 




0.1 


0.7 






0.7 


0.0 


0.7 


0.6 


2.6 


0.0 


isobote&e 


24.2 


79.9 






0.4 


0.0 


0.4 


55.8 


0.4 


0.2 


fl-batene 


69.9 


195.8 






195.0 


0.2 


195.7 


126.0 


0.3 


2.0 


bata&es 


5.4 


]7.6 






37.6 


1.6 


33.1 


32.2 


0.3 


1.1 


C5+ 


0.0 


2.7 






2.7 


0.0 


2.7 


2.7 


0.0 


8.5 


letkuol 


0.0 


0.0 


45.4 
















mi 


0.0 


0.0 




125.0 














TOTAL 


99.6 


31i.9 


♦5.4 


125.0 


237.3 


4.7 


232.6 


217.3 


3.5 


11.8 


Tot. OlEF 


94.0 


275.8 


0.0 


0.0 


196.1 


0.2 


196.1 


181.7 


0.7 


2.2 
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Table 1 cont. 







fftX 


fftX 


ftX 


its 


fftZ 


ftX 


rtX 


ftl 


ftX 


ftX 


5 


C3- 


0.10 


0.23 


0.00 


o.oo 


0.31 


0.01 


0.32 


1.38 


72.26 


0.00 




isobatefle 


U.26 


25.22 


8.00 


0.60 


0.17 


0.01 


0.17 


24.22 


10.53 


1.65 


10 


B-boteie 


70.18 


61.80 


D.OO 


0.00 


82.51 


3.24 


84.12 


55.14 


7.94 


17.20 




butaaes 


5.46 


11.87 


O.OO 


0.00 


15.85 


96.78 


14.21 


14.45 


9.26 


9.29 




C5+ 


0.00 


0.86 


0.00 


0.00 


1.15 


0.05 


1.18 


4.82 


0.00 


71.86 


IS 


lethanol 


0.00 


0.00 


100.00 


0.1)0 


0.00 


0.00 


0.00 


0.00 


O.OO 


0.00 




MTBE 


0.00 


0.00 


0.00 


100.00 


0.06 


0.00 


0.00 


0.00 


0.00 


0.00 






100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 



25 



30 



35 



40 



45 



50 



EXAMPLE 2 



With reference to Figure 2 and the relative Table 2 showing process quantities for a capacity of 1000 
kg/a. the isomerization section is fed with a Q hydrocarbon stream (1) from an existing MTBE plant not 
shown m the figure. This stream, with a flow rate of 113.6 g/h and containing about 11% of butanes is 
added to the stream (7) from the butane separation unit, and fed to the isomerization section where the n- 
butenes are converted to isobutene. The by-products (streams 9 and 9') are eliminated and the remaininq 
defmic stream (8) is fed to the etherification section where by adding 45.5 g/h of methanol 125 g/h of 
MTBE (4) are produced. A part (25%) of the residual stream (5) is fed to the separation unit (100 cc of 

T on ^ ^ ^'"""^ ""^^^^ ^^-^ "^"^^"^^ off (desorbent n-hexane; flow rate 

about 120 g/h). The stream (7), mixed with the by-passed stream, is added to the feed stream (1) and fed 
to the isomerization section. 



56 
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TABLE 2 



MTiRlAL »miCI itli) 







1 


J 


4 


5 


6 


7 


8 


9 


9' 


10 


10 


























C3- 


o.z 






0,f 


A A 

0.0 


A A 

0.9 


A A 

0.9 


3.7 


A A 


1.2 




isobnteBC 


0.2 






0.4 


0.0 


0.4 


79.9 


0.5 


0.3 


8.6 


IS 


n-butene 


100.0 






177.7 


0.4 


177.3 


177.7 


0.4 


2.9 


277.3 




b&taoes 


12.9 






70.0 


11.1 


58.8 


70.0 


0.6 


1.9 


71.7 




C5* 


0.3 






4.0 


0.0 


4.0 


4.0 


0.0 


12.3 


4.3 


20 


lethaaol 
HTBE 


0.0 
0.0 


45.5 


12S.0 
















25 


TOTAL 


113.6 


45.5 


125.0 


252.9 


11.5 


241.4 


332.5 


5.2 


17.3 


355.0 




Tot. OLEF 


100.1 


0.0 


'o.o 


178.1 


0.4 


177.7 


257.6 


0.9 


3.1 


277.9 


























30 




ft: 


ttX 


ftX 


•tl 


its 


its 


fftt 


ft! 


Its 


ftX 




C3- 


0.20 


0.00 


0.00 


0.37 


0.02 


0.38 


1.31 


70.62 


0.00 


0.33 


35 


isobateae 


0.16 


0.00 


0.00 


0.16 


0.01 


0.17 


22.75 


10.20 


1.61 


0.16 




o-batene 


88.03 


0.00 


0.00 


70.24 


3.20 


73.44 


50.96 


7.57 


16.49 


78.11 


40 


botaaes 


11.35 


0.00 


0.00 


. 27.66 


96.70 


24.37 


20.43 


11.61 


11.18 


20.20 




C5+ 


0.26 


0.00 


0.00 


1.57 


0.07 


1.64 


4.57 


0.00 


70.72 


1.20 




lethaaol 


0.00 


100.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.80 


45 


IITBE 


0.00 


0.00 


too. 00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.80 






180.00 


100.00 


108.00 


100.00 


180.00 


108.08 


108.00 


188.80 


108.06 


188.80 



50 

EXAMPLE 3 

With reference to the scheme of Figure 3 and the relative Table 3 an MTBE production reactor is fed 
with the C4 hydrocarbon stream of Example 1 (1), but at a rate of 100 g/h. in combination with the recycle 
55 stream (7) at a rate of about 226 g/h. 

45.7 g/h of methanol are also fed to the reactor (line 3). 

The MTBE production (4) is 125.7 g/h with an isobutene conversion of 99.5%. 
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f 1 containing about 19 wt% of aliphatic hydrocarbons is discharged 

nr^ f T TfJ^T" ''^ '° isomerization unit C. After eliminating the by- 

products (9) and (9 ). the residual stream (5) is fed to the separation unit B. About 84% of this fraction is by- 
passed the remainder being fed to the separation section operating at 130- C and 4 bar pressure. 100 cc of 
l^^l ^Z "^^"^J"^ adsorbent, as in Example 1. A stream (6) is bled off consisting essentially of 4.4 g/h of 
aliphatic hydrocarbons with a paraffin content of about 96.7%. 

The stream (7) is added to the stream (1) and then fed to the etherification section 



TABLE 3 



MATERIAL gALAUrt (i./h| 



r 



10 



C3- 



0.10 0.74 



0.(4 0.00 0.t4 



1-iS D.Oe 0.74 
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Table 3 cont. 





isoboteie 


24.16 


80.19 






56.17 


0.04 


56.13 


0.38 


0.20 


0.40 


5 


B-botc&es 


70.18 


195.35 






125.27 


0.10 


125.17 


0.28 


2.01 


195.35 




botases 


5.46 


46.91 






45.74 


4.29 


41.45 


0.41 


1.32 


46.91 


10 


C5+ 

lethaol 
VTBE 


0.00 
0.00 
0.00 


2.73 


45.71 


125.69 


2.73 


0.00 


2.73 


0.00 


8.43 


2.73 


76 


TOTAL 


100.00 


326.12 


45.71 


125.69 


230.55 


4.43 


226.12 


3.62 


11.96 


246.13 




Tot. OlEF 


94.44 


275.74 


0.0 


0.00 


195.75 


0.14 


181.30 


0.66 


2.21 


195. 


























20 




ftl 


■ts 


ftX 


ftt 


wit 


vtX 


fftS 


ftt 


fftS 


Its 




C3- 


0*10 


0.23 


0.00 


0.00 


0.28 


0.01 


0.28 


70.52 


0.00 


0.30 


25 


isobotene 


14.26 


24.65 


0.00 


o.oo 


24.3fi 


1.00 


24.82 


10.39 


1.64 


0.16 




D-botefles 


70.18 


59.90 


0.00 


6.00 


54.34 


2.24 


55.36 


7.74 


16.84 


79.37 


30 


betaies 

est 


S.46 
0.00 


14.39 
0.84 


0.00 
0.00 


IF. 00 
0.00 


19.84 
1.18 


96.70 
0.05 


18.33 
1,21 


11.36 
0.00 


11.04 
70.48 


19.06 
1. 11 




letbiBol 


0.00 


0.00 


100.00 


0.00 


0.00 


O.OO 


0.00 


O.OO 


0.00 


0.00 


35 


UTBE 


0.00 


0.00 


0.00 


100.00 


0.00 


0.00 


0.00 


8.00 


0,00 


0.00 






100.00 


100.00 


100.00 


100.00 


leo.oo 


100.00 


100.00 


100.00 


100.00 


100.00 



40 

EXAMPLE 4 

With reference to the scheme of Figure 4 and the accompanying Table 4 showing the process 
quantities for a capacity of about 100 g/h, an integrated cycle for the simultaneous production of MTBE and 
45 1-butene is fed with a hydrocarbon stream (1) at a rate of 100.0 g/h and with the following composition: 





wt% 


-C3- 


0.45 


- Isobutene 


23.57 


- 1-butene 


36.67 


- 2-butenes 


34.13 


- isobutane 


1.50 


- n-butane 


2.85 


- butadiene 


0.74 


-C5 + 


0.10 



in combination with the recycle stream (10) at a rate of 147.8 g/h. 
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36.2 g of methanol are also fed (line 3) to the reactor A 

TI^^ P;o'^"'=tlon (4) is 98.4 g/h. equivalent to an Isobutene conversion of 99.9% 

li^ f ""^""IV *•» "<>"> isobiMns. i, fed to Ihe column R- from which 18 « 

IS soaed to Iho stroam (7") ,o form Ih, stroam (9) (,60.5 g/h) TO, later sSm i, ftST^ Z - ^* 

TABLE 4 



ilATERlAL BALANCE 



1 


2 


3 


4 


5 


5' 


S' 


6 


i' 


6' 






ft/i 






/i/i 


li/ll 


H/ll 







mKs O.flJ Ul t.OO 0.00 0.01 8.01 0.00 0.02 0. 
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Table 4 cont. 





a 


0.43 


0.5S 


0.00 


0.80 


0.58 


0.35 


0.00 


8.S8 


0.00 


0.03 




isobQtaB( 


KSD 


6.29 


0.00 


0.00 


6.29 


3.77 


1.51 


4.78 


0.00 


0.07 




isobutcst 


23.57 


62.54 


0.00 


o.oo 


0.06 


0.84 


0.00 


0.06 


0.00 


0.00 






36.67 


62.16 


0.00 


0.00 


62.16 


37.30 


0.07 


62.10 


0.80 


0.59 


• 

to 


dietes 


0.74 


0.77 


0.00 


0.00 


0.77 


0.46 


0.00 


0.77 


8.00 


0.00 




B'bQtue 




M./U 


A Aft 


ft 


1i £fi 


o.Bl 




11 . Id 


A Aft 

U.Uu 


n AO 


• 


I-boieoes 


54.13 


98.49 


0.00 


0.06 


58.43 


59.06 


o.u 


98.32 


0.00 


0.59 




huv BCs 


0.10 


2.33 


0.00 


0.09 


2.24 


1.34 


0.02 


2.27 


0.00 


0.00 




KtUlOl 


0.00 


0.00 


36.22 


0.10 


0.4t 


8.24 


0.00 


0.36 


0.80 


8.08 




mi 


0.00 


0.00 


0.00 


38.15 


8.00 


0.00 


0.00 


0.00 


8.80 


8.00 


?o 




1AA flA 


iff .OB 




38.42 




111.39 


5 11 


ISO 11 


V. Ill 


1 $0 




Tol. OLEF 


94.37 


223.19 


0.00 


0.00 


160.65 


56.39 


0.17 


160.48 


0.00 


1.18 


























26 




its 


ftX 


Its 


ftX 


Its 


ftX 


ftX 


fftX 


fftX 


fftX 






8.02 


0.01 


0.00 


0.00 


0.01 


0.81 


0.08 


0.01 


100.80 


3.04 


30 


C3 


0.43 


0.23 


0.00 


0.00 


0.31 


0.31 


0.03 


0.32 


0.00 


1.18 




1 9VUU t BbC 


1.50 


2.54 


0.00 


0.00 


3.39 


3.59 


28.86 


1.^5 


0.08 


4. 45 




isnbnteoe 


23.57 


2S.23 


0.00 


0.00 


0.03 


0.03 


0.00 


0.03 


0.00 


0.04 


35 


l-bQteoe 


36.67 


25.08 


0.00 


0.00 


33.49 


33.49 


1.25 


34.42 


0.00 


39.53 




tfieaes 


0.74 


0.31 


0.00 


0.08 


■ 0.41 


0.41 


0.00 


0.43 


0.88 


0.01 






2.85 


5.93 


0.00 


0.02 


7.91 


7,91 


67.35 


6.19 


8.80 


6.22 


40 


2-bateBes 


34.13 


39.73 


0.00 


0.86 


53.02 


53.02 


2.83 


54.50 


0.80 


39.10 




keavy flCs 


0.10 


0.94 


0.00 


8.18 


1.21 


1.21 


8.47 


1.2^ 


0.00 


0.03 




leibiBol 


0.00 


0.00 


100.00 


0.18 


0.22 


0.22 


0.00 


0.20 


0.00 


5.40 


45 


mi 


0.00 


0.00 


0.00 


99.72 


0.00 


0.00 


0.00 


6.00 


0.00 


0.00 




TOTAL 


foo.oo 


100.00 


100.00 


160.00 


100.00 


lOO.OO 


100.00 


180.00 


108.00 


188.08 




Tot. OLCf 


94.37 


90.04 


0.00 


0.06 


86.54 


86.54 


3.28 


- 88.95 


0.00 


78.67 
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Table 4 oont. 



7 


T 


8 


8" 


!" 




9' 




10 




lli 


i/h 


t/h 


«/k 


HA 













iightBCs 0.02 0.02 0.00 0.00 0.00 9.35 0.36 0.00 0.00 
C3 0.55 0.55 0.00 0.00 0.00 2.01 1.S8 0.00 0.15 



isobotue 4.71 i.70 0.01 0.02 0.00 4.84 0.08 0.01 4.79 

tsobutese 0.06 0.02 0.02 0.04 0.02 39.17 0.27 0.29 38.97 

75 ^-Iwt"* 15.25 18.38 45.45 27.07 25.64 0.15 0.23 25,49 

dieaes 0.0 1 0.00 0 . 00 0.0 1 0.00 0.03 0.00 0.00 0.03 

n-btttaae 12.00 1.46 0.03 10.54 10.50 12.03 0.03 0.26 11.85 

2-boteBes 98,43 8.54 0.00 89.89 «9.89 «.25 O.iO 1.40 64.36 

lieaTyBCs 1.27 8.01 0.00 2.26 2.26 «.63 0.00 6.48 2.23 

letbsol 0.28 0.28 0.00 0.00 O.Ofl 1.61 0.10 0.00 0.00 

MHS ojo Q.OQ o.oo 0.00 O.Ofl a.QQ q.oq q oq q qq 

TOTAL 179.02 30.81 18.45 148.20 129.75 160.56 2.96 9.69 147.88 

Tot. CLEF 159.18 23.80 18.40 135.38 116.98 131.05 0.52 2.93 m.n 



't^ 'tt ftX fix itl til ,tl 



fftX ttX 



iigit Ks O.Oi 0.05 0 . 00 0.00 0.00 0.22 1 2.05 8.00 0.00 

8.31 1.77 0.00 0.00 0.00 1.25 63.37 8.80 0.10 

isobotaae 2.^3 15.24 0.08 0.01 0.00 3.01 2.56 0.15 3.24 

isobateoe 0.03 0.06 O.U 0.03 0.02 24,48 9.17 3.04 26.35 

1- btttene 33.91 49.48 99.58 30.67 20.87 15.97 5.06 2.41 17.24 
iitm 0.00 0.01 0.01 0.00 O.OO 0.02 0.01 0.00 0.02 

45 ^-70 4.75 0.18 7.11 8.10 7.49 1.01 2.71 8.02 

2- biitCfles 54.98 27.70 0.01 60.65 69.2S 41.26 3.49 24.80 43.51 
heaijflCs '1.27 0,04 0.00 1.52 1.74 5.38 0.00 66.89 1.51 

50 ietUaol O.U 0.90 0.01 0.00 0.00 1.00 3.28 0.00 0.20 



55 
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s 



Table 

iriBE 


4 cont* 

o.oe 0.00 


0.06 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


TOTAL 


100.00 100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


IDO.OO 


100.00 


Tot. OLEF 


88,92 77.24 


99.71 


91.35 


90.16 


81.62 


17.72 


30.25 


87.11 



EXAMPLE 5 

Samples of type X zeolite in the form of 1/16" pellets are heated In a muffle furnace to 400 for 5 
hours in a nitrogen stream. 

75 4 g of zeolite treated in this manner are loaded into an AISI 316 steel column of length about 25 cm 
which is housed in an oven and raised to a temperature of 90 • C. 

When this temperature is reached a n-hexane vapour stream is passed through the column for about 
1000 seconds to saturate the active zeolite sites. A vapour phase stream is then passed through at a 
rate of 7.6 l/h. 

20 The Ca stream has the following composition: 





wt% 


- isobutane 


3.8 


- isobutene 


4.4 


- n-butane 


11.2 


- n-butenes 


80.0 


- 1 ,3-butadiene 


0.6 



The C4 stream is passed through the column for about 1100 seconds. The flow is then stopped and a 
vapour phase n-hexane stream is then fed at a rate of 0.6 cc/min for about 1800 seconds. 
The effluent from the system is condensed in a glass heat exchanger at -15"C. 

The recovered mixture consists of the sum of the adsorbed C4 feed quantity and the quantity contained 
in the system volume not occupied by the zeolite. 

The C4 mixture recovered at the column exit has the following composition: 



40 





wt% 


- Isobutane 


1.15 


- isobutene 


4.78 


- n-butane 


3.46 


- n-butenes 


88.77 


- 1 ,3-butadiene 


1.84 



45 

The experimental data and gas chromatography analysis of the condensed liquid show the following 
system selectivities. 



50 



i sobutene/n-butane 


3.60 


1 -butene/n-butane 


3.70 


t-2-butene/n-butane 


2.76 


c-2-butene/n-butane 


4.13 



55 The system selectivity Si is defined as the following ratio: 
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Ao/Ai 

Si = 

Ro/Ri 



where: 

10 - A and R are the mole fraction of the C* in the feed and in the solution recovered respectively; 
- • and o are the generic component and reference component (n-butane) respectively. 



EXAMPLE 6 



F5 Tho procodure of Example 4 Is followed except that a Y zeolite is used instead of an X zeolite. The flow 

ralo of the C« stream is 0.5 cc/min. 

The C« mixture recovered at the column exit has the following composition: 





wt% 


- isobutane 


1.00 


- isobutene 


6.44 


- n-butane 


3.87 


- n-butenes 


87.38 


- 1 .3-butadiene 


1.31 



The experimental data and the gas chromatography analysis of the condensed liquid show the following 
system selectivities. 



isobutene/n-butane 


4.33 


1 -butene/n-butane 


3.00 


t-2-butene/n-butane 


3.22 


c-2-butene/n-butane 


5.30 



EXAMPLE 7 (comparative) 



The procedure of Example 5 is followed except that the mixture and the hexane are used in the 
liquid phase. To achieve this, the operating pressure within the system is 14 bar. 
The C4 mixture recovered at the column exit has the following composition: 



45 



50 





wt% 


- isobutane 


3.63 


- isobutene 


4.45 


- n-butane 


10.66 


- n-butenes 


80.62 


- 1 .3-butadiene 


0.64 



The experimental data and the gas chromatography analysis of the condensed liquid show the following 
system selectivities. 



55 
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isobutene/n-butane 
1 -butene/n-butane 
t-2-butene/n-butane 
c-2-butene/n-butane 



1.08 
1.05 
1.06 
1.11 



Claims 



1- An integrated process for producing alky I tert-butyl ethers comprising: 

a) feeding a C+ hydrocarbon stream, consisting essentially of jsobuten e, lin ear butene s and butanes , 
to an alkyi tert-butyl ether synthesis section together with an aliphatic alcohol stream; 

b) separating the ether produced and any unreacted alcohol from the hydrocarbon stream; 

c) feeding the remaining hydrocarbon stream, in the vapour phase, or a fraction thereof, to a 
molecular sieve separation section for separating the butanes from the butenes and recovering the 
butenes; 

d) feeding the hydrocarbon s tream containing the re covered bu tenes, together with the possible 
fraction not fed to stage c), to a sk eleton isomerization s ection for converting the linear butenes to 

isobutene; 

e) recycling the isomerized stream to the alky I tert-butyl ether synthesis reactor after mixing with the 
C4 hydrocarbon feedstock stream. 

2. An integrated process for producing alkyl tert-butyl ethers comprising: 

a) feeding a C4 hydrocarbon stream, consisting essentially of isobutene. linear butenes and butanes, 
. to an alkyl tert-butyl ether synthesis section together with an aliphatic alcohol stream; 

b) separating the ether produced and any unreacted alcohol from the hydrocarbon stream; 

c) feeding the remaining hydrocarbon stream to a butene skeleton Isomerization section for 
converting the linear butenes to isobutene; 

d) feeding the Isomerized hydrocarbon stream leaving C, In the vapour phase, or a fraction thereof, 
to a molecular sieve separation section for separating the butanes from the butenes and recovering 
the butenes; 

e) recycling the isomerized stream containing the recovered butenes, together with the possible 
fraction not fed to stage d), to the alkyl tert-butyl ether synthesis reactor after mixing with the C4 
hydrocarbon feedstock stream. 

3. A process as claimed in claim 1 or 2, wherein the C4 hydrocarbon stream is substantially free from 
Isobutene and is fed directly to the isomerization section. 

4. An integrated process for simultaneously producing alkyl tert-butyl ethers and 1 -butene comprising: 

a) feeding a fresh C4 hydrocarbon feedstock stream, consisting essentially of isobutene, linear 
butenes and butanes, plus a recycle stream containing possible traces of butadiene, to an alkyl tert- 
butyl ether synthesis section together with an aliphatic alcohol stream; 

b) separating the ether produced and any unreacted alcohol from the hydrocarbon stream; 

c) feeding the remaining hydrocarbon stream, or a fraction thereof (first by-pass), in the vapour 
phase to a molecular sieve separation section for separating the paraffins from the butenes, 
recovering the butenes and bleeding off the paraffins; 

d) feeding the thus treated hydrocarbon stream to a butadiene selective hydrogenation unit; 

e) feeding the hydrocarbon stream from the butadiene hydrogenation unit, or a fraction thereof 
(second by-pass), to a 1 -butene separation unit to obtain a 1 -butene stream of purity exceeding 
99%, a stream consisting essentially of residual isobutane and 1 -butene (isobutane stream) and a 
stream consisting essentially of 2-butenes, 1 -butene and residual n-butane (butene stream); 

f) feeding the butene stream of stage e) to a skeleton isomerization section for converting the linear 
butenes to isobutene; 

g) feeding the isobutane stream of stage e) either to the molecular sieve separation section or 
directly to the isomerization section; 

h) recycling the isomerized stream to the tert-butyl alkyl ether synthesis reactor after mixing with the 
Ct hydrocarbon feedstock stream. 
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5. A process as claimed in claim 4, wherein the C4 hydrocarbon feedstock stream contains traces of 
butadiene and is practically free from Isobutene. and is fed directly upstream of the butadiene selective 
hydrogenation unit and downstream of the molecular sieve separation section. 

5 6. A process as claimed in claim 4, wherein the butadiene selective hydrogenation unit is positioned 
upstream of the molecular sieve separation section and upstream of the first by-pass. 

7. A process as claimed in claim 6, wherein the C4 hydrocarbon feedstock stream contains traces of 
butadiene and is practically free from isobutene. and Is fed upstream of the selective hydrogenation 
10 section and downstream of the etherification section. 

a A process as claimed in any one of the preceding claims, wherein the aliphatic alcohol is methyl or 
ethyl alcohol. 

76 9. A process as claimed in any one of the preceding claims, wherein a hydrocarbon stream fraction 
exceeding 5% of the total available stream is fed to the molecular sieve separation section. 

10. A process as claimed in any one of the preceding claims, wherein the molecular sieves are of zeolite 
type able to present selectivity towards the olefin double bond and of general formula (I): 

(Ca*2/nO)xMe203 (Si02)y (I) 



20 



where: 

- Cat represents a cation of valency "n" Interchangeable with calcium (Ca). such as sodium, 
25 lithium, potassium, magnesium etc; 

- X is a number between 0.7 and 1.5; 

- Me represents boron or aluminium; and 

- y is a number between 0.8 and 200, preferably between 1.3 and 4. 

30 11. A process as claimed in claim 10. wherein the molecular sieves are zeolites of X or Y type with a 
particle size of between 0.1 and 3 mm. 

12. A process as claimed in any one of the preceding claims, wherein the zeolite olef in/paraffin selectivity 
ratio is between 3 and 12. 

35 

13. A process as claimed in any one of the preceding claims, wherein the separation is conducted in the 
vapour phase at a temperature of between 20 and 180" C and a pressure of between 1 and 10 bar. 

14. A process as claimed in any one of the preceding claims, wherein the butenes are recovered by eluting 
40 the olefins adsorbed on the molecular sieves with aliphatic hydrocarbons followed by rectification of the 

mixture obtained. 

15. A process as claimed in claim 4. wherein the 1-butene is separated by distillation, extractive distillation 
or adsorption on molecular sieves. 
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16. A process as claimed in claim 15. wherein the 1-butene is separated at high purity by two distillation 
columns arranged in series, in the first of which a mixture consisting essentially of 1-butene and 
isobutane (isobutane stream) is separated as top product, and in the second of which, fed with the 
bottom product of the first, 1-butene is obtained as top product with a purity exceeding 99% the 
bottom product being a stream rich in residual n-butane. cIs and trans 2-butene and traces of 1-butene 
(butene stream). 

17. A process as claimed in claim 15, wherein the 1-butene is separated at high purity by two distillation 
columns arranged in series, from the first of which the butene stream is discharged as bottom product 
from the second of which the high purity 1-butene is obtained as bottom product, the isobutane stream' 
being discharged as top product. 
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